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(54) SYNCHRONOUS MOTOR CONTROLLER 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a controller 
and a controlling method for compensating a phase 
error in a rotation sensor over the entire 
operational range of a synchronous machine. 

SOLUTION: This controller which controls an inverter 
and is used for an electric rolling stock is 
provided with a current command generating part for 
generating a d-axis current command and a q-axis 
current command, a phase computing part for 
computing a phase θ and speed N used for 
coordinate transformation based on the output of the 
rotation sensor, a current control part for 
calculating d, q-axis voltage command values Vs, Vq 
based on the d, q-axis current commands and the 
detected value of the d, q-axis currents from 
synchronous motor current, a coordinate 
transforming part for coordinate-transforming the d, 
q-axis voltage command values Vd, Vq to compute 
AC voltage command values Vur, Vvr, Vwr, and a 
PWM signal generating part for generating a drive 
signal of the inverter based on the AC voltage 
command value. Further, the controller involves a 
phase compensating part which compensates the 
output of the rotation sensor, and the phase 



compensating art compensates a phs 
angle θ0 computed by the rotation sensor at 
the phase computing part using a magnetic pole 
phase estimated value θc computed based on 
a synchronous signal of motor current and a PWM 
signal at a magnet pole phase computing part. 
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SB<L, Rdq««EE}g^ffiVd % VqOli^I^: 
?T^T*£S£WEEJg4mVur\ Vvr\ Vwr^IStS 

IE»*#U RttffitfiEffi*. mHttBHSflrc**- » 
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ftUffi 







0«| — Jflo 



at* 



R/D 



2 



iV3 



10 



5b 



1 

^S?se^60dq(**8fe**ftHJffl«:*>iK:d q»WEfg 
f^iv d . Vq©a«M»««*tT^'r:X*«ff}B* 

fVur Vvr\ Vwr^a#T5ffi«a:»»<t, 

tzmmKm<$mz *> ± cc 4 *<z>krmi-e»£ #s£r 

BCfffaiBll£^>1f(DUi**«iET^f4tB»ijEgB*W0. 

JH* 20 
[8»3J9!2 ] fWatttBSMEaStt* I 0o| i I 0c 10 
*/hfl»fitK:GtfBe & ttttj^t^t: <fc*«F«<b-r&» 

*a 1 mwxomw*:- * ©swans®. 

m$&M3 ) iaiSfafBMjEaPtt. lsltte-fe>i^OlHlia»^ 
No— NicDflBB^CU. @l£-fe>1f©ta*K:*^< fiittBft 

0 <L LrWW^ci *«HR<L-r *iM8g 1 iatt<D|o|»! 
0ci*6, 0 £< I 0 c -00 1 (7)i^K|nl&fe>1f<D 

[»^S5 } s»5R£f 1 - 4«c*yc»r. iiuiaa@{&fB#t/E 

ttSatB^S: JttW ^Ci Sr#3fc i«B«*-^ fH»« 
& 

[»*BB ] itsjag 1 ~4cc*?i*r, iiuia»«{4tB«B£ 
»«Jbia-f.w«-^^pwM*!jfflicc«fc DJiiaRHW-t-^ 40 

ta^i^ffl*ffli»r±Ba*-^«i«(D^{fcs*ttmr^ 

ur\ Vvr, Vwr©5*>. *lffl©fll*Jg^-r^*B©P 

istcmmmttLmicj: vmimm^-z&mm-r&mm 

[«93©»iMtt»M] 50 
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[0 00 1 ] 

>1^©ffiffi^«iE*tf^ra»l*-»W«»«<cR|-r 
[0 002] 

[0 00 3] @RH2>^a>fil[*B»l&«:ffliEr&fe©<t O 
r. «M¥ 10-304676 4»£&RK:t2. m^m<Df# 
itfl-Sfl GNOFFHfic^>A-^Wn>f>f^ 

[0 00 4] im»i-t-4rOj$S^h^^*»9ai-r-SfcaS> 

117-D, No. 1 f 1997CCfet6$tlTC>«5 rj£jg£a%£rift 

jeccs-^ < -fe u xzmm-J^u uxdc^^ 

~tt>£ 0 */c, ^^^f8-205578^CC«, /f^xHMflp 

[0005] wr*«inap*^traiic3ti&««i3as 
wftn*r 1 > ■* - * e> issi&a & iwm~r z> ~n 

[0006] 7^»stcj:oa«$n-si5ia« 

■*jE«tC«kffl-r*C<E:*«Hli'C**. COJ:!)6, HI 
- 3 0 4 6 7 6 #^$RCCii. ^mHXcD^±m^ I GNO 



3 

f f «Fcc«*fflft»fflw»=i ^r^vzi&m-rzm. m 

KHz >V (DmmMZffilET & 2 tlX I »S . 
[0 00 7] 

[0 0 0 8] RW*-*©±»<E«ffl«:*>ft: 
[0 0 0 9] 

«^«*<ftttiffl[*fcitCd q«|«EE*&^ffiVd. Vq^ 

*«r^miew«waui, »dq«^iaEiB^fflvd, v Q 
(Dmn^&mmzn ^ raawsBEt v u r , v v r , 

[ooio] *9«ntcj:ti& % mm^-zv-^mmm 

[0011] 40 
I^JJW*-^ 1 ^ - 2©I»x*;^--cWit 

dttlMSSfg^ i d*iqf|Iif^ i q 

}&4»&£ffi 6i, dq <b mmmmm* ^<oa 

q««a©tfttbffl*fci«:dq««BEJg^ffl[Vd* 4 V 
q*£Si#T*«ft*Ua!3L COdqW^BEfg^filVd 
*. V q *<Dffi^»M««:fr^-C3£aE«ffifS*fflV u 50 
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4 

[0012] '«?^>J~2<DjK»WEt£. -f>/<-*3" 

cceriftnsn&o coenflWiEE«*«jfflisgjS4 ecfeo-c;*® 
dttmssfg^fi i dr. q *«isjs^ffl i qr^sye-r 

t&m 1 1 td-q NJBWKO dHS£ i d q «Aft£ i q 
#L Wta^?^ i wte i iu i v*f>*a>4CiOT*-5© 

[0014] »Jifc*IJfflI«S7 *Ctt. dH«ak»^ffi i dr<b 
d«mS i d®d*m2KflMK, q WAiftfg^ffi i qr<h q 

Vdr, qtt^JEJi^fitVqr^f#^ a d ««JEtg^ffiV d 
r, q«SEE}g^fflVqr*A*"re>ffiS^ftaJ8*r6*. 
a@&t9 0 CC J: 0 » Jhffi«*© 3 fflSJEJ S4*ffi V u r. V 
vr. Vwr^vH^L. P WMI 9 tctitt LXl> 

WM^^U^Pup. Pvp, Pwp, Pun, Pvn. Pwn^>f> 

€>{ifffin^si55 2 i, i p ^umncommm 

tmu 54i, c commmmn^ 5 4 l tc&& 
msmmm e c ^c^rineffitBaiffv^iaK^ >^ 5 

nitres. 

[0016] $6cc, «Kiipsa4(t mseotmrnti 

K36 0KOVK«1«6 1 «rfltt.Tlr>S. 
[0017] fitaiiiE^B 3 ttffiSgaJS 2 

^n/c&fa^o^^iEL. mmm^s, 1 i-c«fflr 



(4) 



[ o o i 8 ] m 2 ic. mmmmim 5 a <Dmmmf&* 
it B i 2tzmwffikftmffi. i3^^^mgp, i 

MGktt) X"$>2>m$ti%fmpiu. pi v^rffiM^o -eti 
6<£>filpi u, pi vtJIMMajSPl 3KA;b2n, m 
^l&fcHffl ^l/X P & £ £ KHSUS $ tiX mtf $ 

[0019] l^3ic^TJ:-5CC. Isllto^>lf (UvOU 
#<9o«, u 7;^^(uta^1$tt^^ri^ „ fits 

£tttB6> iL-ctHij-rs. 

[0 0 2 0 3 fflW*- Rc« v ^CC02o^ab^ o 2 0 
( 1 ) MAP*- Kl : Iflolil^c I (OM^m^ 
IC&me t LXmjjT2> 0 

[0 02 1 ] (2) mffl*- K2 : m*K J £>'9'<Dmffl& 

[oo22] aw*- f i <om& % igicm'bm&ttitiz 
*nz><ox\ m&'tz>y'icmBmM&$>-z>xi>. mawM 

'P-?Z>* 30 

[0023] £ fc s mm*- K 2 fsmfs-ces&tB 

[0 02 4 ] «{WSB40ig-b>1fg|Sr96 0 tt, 0 
MC»S*»)f#&l> I 6 c -6>0| ><9 e©*fr*«fife££ 

o/tia^ mte't->^cc^^w*9 i*dwr^ 0 fir, 40 
*$t&>*>tc#><Dm&LAJjm. i u, i v v i nzmzmtft * 

pi a= (V~ 3/2) p i u 
pi <!//" 2) (pi u-2pi v) 

#C£. 119<DiMffi^r, pi a, pi tf^e&tBr * 

0c=r + n/2 
fflKffiffiJtSffl 0 c £ 3 ta^a^m^Ofita r OBW* so 
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■fe>1f-0#iSK:oi>T(J. gljjfe, iE«BS©Iu+ Iv+ 

I w= 0<D^^J«0 S:o^S3&»t^K^f ^. 

[0 025] 05CC^T^^ hr, 

«2ljft«:»br. §*B<DlMEI^«lVur k Vvr\ VwKD 
jK^SrJt«-r S C i^CcfcO v 3 J@CDPWM^;M P up, 
Pvp. Pwp£f#£c£#*-C#£ 0 ^BJC^l^T, PWM 
^*;UXPup v Pvp v Pwp^hiqhcDia^iC^iJiT — 

xPup. Pvp, Pv^lowOi^cmi:T-AG^&;*^ 

[0 0 2 6 ] B5rt>6*>3&>&«fc5K:, &fB<DWIJg4MB 

sex. ^/hfii^^^cc^^^cfc^ic^^f ^ 

«IH^^1/X Pi*s|fetr 5 C i «cft -5. 

fcH3i$l Ofcltel^ ^;bXPl^#££T£<t £K&*B<D 

[0 027] ^C. Plfc-fe (l/yjW<) 5 0©^ 

[0 028 ] ^T, i607P-ft-ht, ^ffifi+B 

iftMfpiu, piv^AM^o X^v^'l021?«, 3 

[0029] c cr, ii9tt jSffl^Rtfmifcoiwflfe 
oo— m*^^t> h)vmx%>z> 0 dimwit <*$Amm& 

*>. m^Lxi>rj:i>mmmmnmm&%m&ztiz>m 

^4>^>^». 3*BJS»B#^8Ea^<ipi u v pi^f), a 
W8*aflHBpi a. /3«k«%»^ffip i iQ C d 

[0 03 0 ] 

£U 

&2 

[0 03 1 ] 

»3 



(5) 



* * [0 0 3 2 ] 
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Vd = (R+pLd) id - coLq iq 
Vq = (R+pLq) iq + co (Ld id + <J>) 
CC-C, p=d/drC£>£ 0 l5j^-^^3ta^tt^&C 

l^^-£OEPfl[J^EE«:vd=vq=0 £fr£<Erc\ * 
pid = (CD Lq iq - R id ) / Ld 
piq = - {co(l_d id + 4>) + R iq } 

&d-qmmm&<Dmffigk&'<t> b^t d-q«ii^ 

pids = {co(Lq-Ld) iq - R id } / Ld 
piqs —— {co (Ld-Lq) id4-<£ ) + Riq}/Lq 

se-o-c. d#, o^o, mmmammmo denote . * [0035] 

tan (S) = piqs / pids = - Ld [ co{(Ld-Lq) id + 4> } + R iq ] / 
[ Lq {a>(Lq-Ld) iq — R id }] SlO 

*mmm<om&, hw^jw^-^&o-c. Ld=Lq±i>+ ♦^tt^eti^o^ 

tan (S) = Ld (co4> + R iq) / ( Lq R id ) Si 1 

£&& 0 cct. id<or^n^, tetes-te^as-cis 20* [0 036 ] 



»5 

[0 03 3 ] 

»6 

/ Lq t7 

[0 034] 

&8 



dT = -tc/2 

©[1 1 *c<fcg*fiWte3jca&££<fcfcr#£. 
[0037] C CD £ 5 ft, Bl <oe®ttfflftl^fiifll#a5 
5 4m ffi««cai]*(cJ:»)««i(fttBfit£a0c«:^ 

[0038] mmiEm<DnM*:m.w?z>. m4 30 

^^Hb^titc^\^iz>V-- (U^a') 5 0^R 
[0 03 9] ^^^CDtetMIErW:. EIRiSttNtelS 

or. iHiK-fe>if-coi±j^6>o, omtiLmtmme cfr 
[0040] R/DSERa^^tt, mm&mm^v. 40 

[004 1] (bC^-C, UvOl^S 0^>R/D^&£|S5 

-0R) ^r^-T^c i7 (a) KmO/cl^JBa©-'** h 
i q r©fB^Kl*tUrEI«l«©rtWm«*i i dM iqM 

ai*h;^ic^i^G^ 0 ^7CC«. d qH 

(Dfr&fjkl,. dK q^im^-^l^gPOlId q¥fir^> 50 



£H 2 

idM, i qMkJ^CDd c#^^r*^)^> 0 
[0 04 2 ] &/c. I^^COtB^ hi^TM(CKlT, 

**<fcOfc^l/*«Ftt*:. i7 (b) CC^Vr Q 
[0 04 3 ] CCt, b;U^f^rM***0CDi#^ ^ 

7 (b) <d-<^ h^^^-ri:^^, mmmzMfrfte 

= 9 0Ktt^T*il*Ei*4a&o UVOl,y< 1 6-t>R/ 

D^&gB 5 1 «Cffi*BR**s« 0 fif^M ( 0 Rl= £ - 0 
R, 0R2=|3 + 0R) ££0fc*&CCOl>T#*£<b, 
0 R 1 CD{it@^^#£> o fctS^te: + T MKDttf b)VZ>%: 

[0044] CCDcfc^CC, UvOl//>*5 OCDfoJjlcmBm 

ft<3 = 90 KWififcfc, h Jb*»1*fe<D^ie#;&fc<D^ fir 
MRS©*?***** < ft*. 
[0 04 5 ] ecoefc^w:, *3Siwctt, l^MffliE-r-Sc: 
«tCc<=t:*K m*.&b fr*1S<9mTM*&*iu<DVZlc* ^ 
«&*tfT ( + rMi) ^^c^iiel^ (-tmi) ^4ir 

[0 04 6] T^ct>^ v 07 (a) CC^Ufc^mcD-< 

^ hJi/Htc*jc»r. {i+B^M^WO, +em>m%W;M 
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fc5 t±t<c£V) % I d r = I dM, I 

q r =1 aM^C%0^^n^> o 

[0 04 7] C<DJ:5fc:. <WBMiESJ5 3<Dttttl0K:S 

j&^r£>£ 0 0 2i^^^ «sfeaw>ieiK i 2 

3 ffi)»k«aaR^< * h thorns r ^ m@ii*a e 
*i^oto$^ c<osete«-c«. 3*BJ£*&miS£@: 

[0 049] £lT. m^tUffl>'^JUXP2CCOL^r^9 

£^o/c4><D-c&£^ nsom^^ajffl^^^xpicc 

& w mitfCffr? 1 8 0Sjl^3tg^>/^-^(D&tHCi 

V«±Wffi«gtttt«<tOTC*S. £/c, «t(rwl) 
3&» 6 B$#J t (n) £ X'(Dm.m teUffitV tB<D_b T — A 

V£ = (Vv-Vw) / («T2) 



(6) #132 001-211698 

10 

*Ct2*oGr>*:~- K<92*B®f&tRM#&£ 0 

[o o 5 o ] mQ^T^^^c. mfM^mm^^^P2 

Z> a PWMft-Sf^£359K:*5t>-C, 3 o<Dffi«E*B^HI 

lom -^ftiaiffi^-;u^P2^4:-r^^UtBm 

5&tA;frU ^ 1 OKtjVT ct^^MS^tf C 
C riHH 3 nfc UtB^i^B i ucu Vffi«tt^fl[ i va^r 

sn&fts 1 1 ^ i&«atae «s«S!ift»8 , i i cc 
[oo5i] KffifStfffiteesi stit^i^^i 

fc!19<D:7n-^- Kcoi>ri£BJIT£ 0 X^^^'n 
rCA2?Lfc0££lJ t (n)CDUfBH$£ i u(n). VtB«>fc i v 
(n)^rffiC^r, Uffl^ffl i uaCrO, Vffi«ift^ffl i va 
(n) £ * t- y ^ 'll2-Cf§tfcHT £ o B#^J t tn-X><D U f BfKK 
20 i u(n-l)£B#IiJ t Cn)^Uta«^ i u(n)CD^^^rit#-r 

r 2 ^> ^ 2 tBStS't- F M sc 

[0052] c<Dms. ^9^e>_br— Acoutai vt@ 

2tB^*&^- KMscCn)« TU-VtB^j «c 
fc\ HU[pI<Z)B#^IJ t (n-2)^ 6B#M t (n-1)^ X<D^f^<D 2 
♦B5@*&^e- FMsc(n-l)W rV-W«S»J T^^> 0 

v^usectoorw. mi i (omtm^xmmmmm^ 

[0 0 5 3] 

S13 

SC0K^^S2 O^C^L/Tl^o 
[0 0 5 4] OT. 12 0<D"<& bJlsm&f&KlsLi&ltC 

50 [0 05 5] 



(7) Wffl2 0 0 1 -2 1 1 69 8 

n 12 

pi a = [(LO-Hcos20)Va-(Llsin20;>Vi8+ kl(0) i a + k2(0) i /3 

+ k3(0)<*>] / (LOA2-L1A2) il4 

pi £ = [-(Llsin2 0)Va + (LO4-Llcos2 0)Vi3+ k4(fl) i ar + k5(0) i £ 
+ k6(0)<*>] / (LOA2-L1A2) S15 



tctdO, LO=(Ld+Lq)/2, Ll=(Ld-Lq;)/2> kl(0), k2 

(0) v k3(0). k4(0X k5(0), kecfl)^*!^ 
^tett, Ll=0#<E>r, 0*m%»^pi 0t£att«£ 
<h£, a*imflEVa/dW*5U*l«ffiVuOOtt»tc^:DEn 10 

#C9r. V/S-Oi^oTl^OT, 3fflS*8tttBOi 
#©/3«rmi3SElS»ffipi /SiHS1-4Ct*»»OW 

w-utas»oi*«>Eia{c. * -wm%»^«§p 

i £ 'fc*:3tB^*Sm*»#-'<* h^pi sCD/3 •(HiJSS^iP 

{ifBr2:^2 0tf>-<£> hJUgj&ftirr £C £ 0t£ 20 

[00 5 6] ^-EI©2tB3@«^- FMsc(n)ifrriUC0 2 
fBSKHe- KMscCn-l)^^, 3 ffflfift WCtR*}'* ? h 

bJU©fatBr**«>rt>£. x^-j? 

ffl) ^6 3tHS»tt«a)€SiSa^^ h^O«l4«:ft£ 
[0058]il2 C0HfiKW»9g«B^nn«- * 1 6 {C 

#mm'wxP3* P4. ««{StfB!§Bean 7<D$mfim 40 

«l^i8(D»i^^ a 2*B>W *^>^StSL 
8B1 8<D*ftiirtSficoc»t:, H 1 3<£>£^ A^* — 

#©5"^ 1 f > ^^rf?± 6 3 f |^ 

Office ft & j: 5 (c^flnmjE v o*5«Mffi«:fln» Itt^ 

60 CfrHCcfcO, UtBPWMm#Pup«iSrCChiflhtfc«fC* 

tan C^) - - Ld { (Ld-Lq) id + 



VtB«B§<&ffiVvr\ WfBtt^B^MBVwrKK. M 

mcof g4HHcttttrajE v o^r^ti-en^ 0 /ci^n 

O, -enfCj:OPWMf#Pvp, Pwp£r|%£0ri>& 0 

■r <DtH«:i^— ofiBE^ftn* o r «> wb*bek: fr*U« 

o£^x&l>£*CD^£I^O&t&£o c*i#*2tg;W 
[0 05 9] Z<Dtt£$:m^Z>±. m 1 3 CC^Tl ls]£> 

/c o <d 3 ta®»t«i8«H 5 <fc o *>g < mm ur^ 
&mm^j\sxP3. P4^^i3cc^T. mattkam'w 
r ^ , la 1 2 cDmast^asp i o r&fBCDmzfc^fii i 

ua. i va£f#£/t#>Stffll>ri>& 0 £/e. ^^tfcfcBJB^ 
17tCA^f^n. ^ 1 4CD^P-^-^- htC^-r^l^: 

[0 06 0 ]ii4 <D%mjjmX'X<DJ: 5 tc or *Dtl 
^ e XT- y^*i2^c4si,^r, 3ffi^»tK«©l8J&^FMt 

Cn-DCDUtS^?^ i u(n-l), V^Bm^ i vCn-l)i . 
H#3PJ t (n)CDUtB®^ i u(n). V^7^ i v(n)^ffit^ 
r, StBO««^fiip i u. piv, pi^gltf^ 
O^I^^JJi 1 0(7)X^ ^^rL3iIff)0r^)-2>o ^CO 
X^^r7*i22rti. m^M^ffipiu. piv.piw£J8t> 

r. 3ta^»««a^^ hJuofi3[fflr€:ai»-rSo c 
[oo6i] yLT<D^m~c&, *iH»Ra4rtr-e©^ 

rW»«cMC»rt»SBB«fflffi«:0 \ I5HW*-^ 1 6<D 
i q\ PIJtB*-^ 1 6<7«||S<DdflWlift. q 

n^etiid, iqiors^i-^ 0 X7"^^i23r«, 

a, iva^rfflC^r, dM«ittid\ q f*«ft i q • 

7^l24r{J, id i qOftfr^tt:, i d\ 

^6 3 ffi®»«S6a»^ ^ h r costs ^ £3<<g)£ . 
^r4>ctt>o 

[0 06 2 ] 
4> } X { Lq (Lq-Ld) iq} 

tl6 



(8) 
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X7vZfl25VU % Xy-v7'l22~cmt>tltcmBr$:ffli<> * [0 06 3 ] 
@{4tg0*^T*^^123CD i d\ i q £ch£<Z>a 

tae • «*©»«{£« e {ciRsrr*. ?i26 

[006 5 ] C<D<£51C, ^S^RHB^-^^SaSfilttB 
t«MHte»ft«:tt. ^**/U£d«B«cid\ at* 

# £ <fc 9 cc c fcr ^ 3 y x Acc*saswico«Fa^* & 0 

tc 3 4B9SfeiSH SrSI^T £ tfffi r Z> c <h cc 0 , 30 
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